カルボランアニオンを基軸とした超強酸の化学 by 北沢 裕 & Kitazawa Yu
 
 
 
 
ňÞ'{±'Ľá 
 
ňÞūĐ  @\TZ^<L?^:  
 ŏ#ō¾Ŝ'ª  
 
ö    ù ĺ 
 
 
 
 űüÈøŨ¨Ěų@H?^ĚŴ'ļ_ŀé#'üĊ(åòª_ðŖª#
 ĖªĈ'/%4Êª_ăŋĘª_ÇĊª&û6ŝĽŇū"6@H?
^'Ä&(³<L?^:&JD=^6ä¦'š#%6¿ĔĜ°"(Œ¸
@\TZ^<L?^'Êª_~wª_Ĉňª:¶Ţ! 1èĔĜ"(@\TZ
^<L?^: ŏ#ß%ō¾Ŝ (Brønsted ŜLewis Ŝ) 'ª&ÓË 
-,+ =GBEH:@<H9	&423%+ Lewis+ )F?;C=?<H6+
 Brønsted Ŝ'ª"(ō¾Ŝ'}ć&35ßÇŢč2
űüÈøŨ¨Ě'ÖÕ%$¦Ř¶ 2aàş·@
H?^ų¹ĭ"( Lewis ŜŴ(Ũ÷ŤÈºo¬y&
<L?^O[`%ąÉ: 6#ŧ%#4 “ō¾
Ŝ” 'ª(,-çŢÍ"6"¼śnÈ<L?^Ě
#!@\TZ^<L?^ (CB11H12– (1)) &ĒĐ 3'
~¨(~¨yp&<L?^ųŨ¨Ŵũµ!60øëÈ_¡ È#1&ï0!
oĻ'@H?^	:ĉÊ"6ıÈ6¯ť&P]K^: “ōüÈ” 6#
12 nS>ģŪā 
1 nĀģŪā 
Figure 1 =GBEH:@<H  
Br
Br
Br
Br
Br
Br
CB11H12– (1) CB11H6Br6– (2)
"~¨#!fċä¾'Ŝ'ļ¯ć7!6 4èĔĜ"(1 &zĲģ@
\TZ^<L?^ (CB11H6Br6– (2)) %4)&TFPB– (B[C6F5]4–)BARF– (B[3,5-(CF3)2C6H3]4–)
OTf–NTf2–BF4–ClO4– '[H>V¡:ĚXJ\ÇăĈª_~wªĎŀé&3
5õŐ[H>V@H?^'ōüÈ:ĐÒ 
 7."'[H>V¡"(düÈ" 
eq. 1-3 &ėÇ&řĊ#8@\TZ
^<L?^ (1, 2) : ď#6[H>VŠp
ï0!å&sŘ6#:ľ
74Ç'sŘ&(<L?^'ĂªĎ«®
È##1&ªĎİhÈ1ŝĽ"6#â
4&%UV-vis FRAK\:ĊĚ
[H>V¡&36K[H\@H?^ĉÊ'ŀé
ųTable 1Ŵ3)ýp  SO2 g&6 7Li 
NMR&36[H>V@H?^' Lewis ŜÈº
®Şńr:Ĺ@\TZ^<L?^'ű«
®È%4)&'tŭ&36ªĎİhÈ
'b%$:â4&6#" 
 lb'3&@\TZ^<L?^'<L?^
«®ÈªĎİhÈðŖÏ½È:Ċ6
#&35[H>V@H?^'çŢÍ%ÇÈ:»}#&ÊjÁ(¥Ě¥
ñ%ş·@H?^'ª*#¶Ţ#Į!6 
.,+ =GBEH:@<H9	&423(:@<H6+
 bœ'3&@\TZ^<L?^(ß%ō¾Ŝ 
(Brønsted ŜLewis Ŝ) 'ª:5ÍıÈ:ę0!
6aà"ñ%@H?^'ª&¶Ţ60'ð
Ŗ¥ñÈ%4)&7:¯ć60'tŭú'Ţ
č(.Ųâæ&6"èĔĜ"(@\TZ
^<L?^: ŏ# ä¾'~¨Ŝļ:ĐÒ
ß%<L?^ŃŁŵō¨rĦ:ĊßĿ
XM<L?^Ě [(CB11H11)2I]– (3) 'ļ ¥r@H?
^Ě'üÈ:ÆßĿE<L?^Ě [(CB11H11)2]2– 
(4) 'ŃŁ:Ĺ (Figure 2)<L?^'śnıńr(<^XL>V¡' N–H mĪþ®"
Ĺ (Table 2)5èþ®"(mĪÔ'uű,$űüÈ%P]K^'ĉÊ:ė 
OH
N
O
O
Br
Br
Li+•2 (0.2 eq)
100°C, 24 h
(excess)
Li+•1 (0.2 eq)
toluene, 120°C, 24 h
Ph
NH2
N
H
Ph
89%
94%
84%
Li+•2 (0.2 eq)
100°C, 24 h
(excess)
(1)
(2)
(3)
Table 1 UV/vis   
Entry Li salt Abs (λ = 410 nm)
1
2
3
4
ND
ND
ND
ND
LiOTf
LiNTf2
LiBF4
LiClO4
5
6
7
8
LiTFPB
LiBARF
LiCB11H12
LiCB11H6Br6
1.14
0.28
0.16
1.24
Entry Li salt Abs (λ = 410 nm)
PhPh Ph
Li salt (1 eq)
Ph
Ph
Ph
OH
X
CH2Cl2, rt
(Li+•1)
(Li+•2)
 
 
Table 2 $
578(# 
Figure 2 "!23
I 2
Anion νNH  in solid /cm–1
3178
3149
3148
3082
3056
[(CB11H12)2I]–
CB11H12– 
[(CB11H11)2]2–  
B12H122–
CF3SO3– (TfO–)
Anion
[(CB11H11)2I]– (3) [(CB11H11)2]2– (4)
(Octyl)3N H
(3)
(1)
(4)
ō¨rĦ:ĊßĿXM<L?^ðŖ'ļ  
 7."'@\TZ^<L?^'ª"('Űì*'N]C^WH\%$ĬÚ
 ´x&3!'<L?^È_ĄÈ'ÄĹ97!jĞį(ō¨rvģ'
´x&35@\TZ^<L?^: 2  ~¨{&Ñ XM<L?^Ě	E@\TZL\Y`
G^ (3) :JD=^'~¨(ō¨rĦ'Ċ&3!1 r'<L?^~
¨yp&ÏĄČ%ðŖ:å6Ěíł'Ħê12 nY>ģ@\TZ^<L?^
'ŜÇ:Ċ6 3 'Êú:ĕĝ (eq. 4)XĨĦãðŖŀé&35Y>ģ(Đ
Ď#6 12 nS>ģŪāţ&ŗĦ!6#:ĕņ (Scheme 1 )3 (@\TZ
^<L?^ (3149 cm–1) :(6&|ů6u (3178 cm–1) :ėŒ¸ų2013 ¸Ŵ."
~¨#!ä¾'Ŝ'³<L?^ CB11HCl11– (3180 cm–1) #ğ'u:ė#â4&
% 6"3'N]C^& !1íł#8ô5'S>ģŪā:+!Ĳ
ģ6#&Ê (eq. 5)ć5 ' N–H mĪþ®:Ĺ!6 
 
 
 ßĿE<L?^~¨'ŃŁ_ńr  
 @\TZ^<L?^:¥r@H?^'ª*#¶Ţ60&(¥r'@\TZ^<L
?^'}š#%6@\TZ^<L?^Ŭĩp&1E<L?^Ě (B12H122–; 3082 cm–1, 
Table 2) ē47!6aĳ&ğ'Ũ¨ðŖc"'Ģ%rÝ'¢(øëÈ_¡ 
È'¢:Î 7"@\TZ^<L?^£:đØĦiŞp~¨ 4 :JD
=^%4@\TZ^~¨'iŞÇ(yē47!%"
¿ĔĜ°"ŢčA]F@IP[^BÇ 1-a:ÛĴ1 nĀģŪāb"'SX@IP[
^BÇ:Ţč (eq. 6)Ã47 4 ' X ĨĦãðŖŀé&351 nĀģŪā£
ŗĦðŖ"6#:ĕņ (Scheme 2 )Ō¤~wú&36śnıńr44 
(3138 cm–1) ( B12H122– (3082 cm–1) #õ+!35«®%<L?^Ě"6#â4#%
4&N]C^ųĲģŴ1ı"5Ũ¨²ºűS>ģŪāő:êĎ &
ŚĶ6#ı" (eq. 7)ć6 ' N–H mĪþ®:Ĺ!6 
+
Scheme 1 DA:@<H64+X ' 
INMe4
1) mCPBA (1.1 eq), CsCB11H12 (1.0 eq)
CH2Cl2/CH3CN, rt, 1 h
2) BF3•OEt2 (5.5 eq)
NMe4
I
3
5 X-Ray Structure of 3
(4)
82%
61% (2 steps)
(5)NMe4
I Br2 (excess)
TFA, 78°C
18 h
Br2 (excess)
TFSA, 150°C
11 h
NMe4
I
Br10 Br10
3
/,+ =GBEH:@<H9	&423%)5018*=?<H6 +
 ō¾Ŝg"~¨űó&P]K^76#U\H@H?^ōøŨ¨ĚĉÊ6#
68g"1 1  '­ı & 2  'P]K^k Gitonic E@H?^Ě(
Olah 4Ůķ4:gÅ& 1990 ¸Á&ġĎ&ĔĜĹ97ß@H?^'ª_
ÊªÍ7Çŕºŀé%$:Ċ!ÇüÈĚ"6 Gitonic E@H?^Ě
'©Ù7!74'îīűńr7Olah Ü×& 1994 ¸'M`Q\
ªŊ×e7!6aà"Gitonic E@H?^Ě'Ŧ_ðŖŀé(ï0!ŧ#
7ÿýg"'ŅĤ%ªðŖ_Ũ¨ąÉ&(çŉň'qô7!6èĔĜ"(
ßĿ&JD=^@\TZ^<L?^Ě%4)&ĈňŁĠ_~wªĎÌú:ĥ/9!
ō¾Ŝg&6ōøŨ¨ªĚ'ŅĤ%ŀé&5ĥ; 
	ħ Ð
èĔĜ"(@\TZ^<L?^'ĝp_Ũ¨_ðŖĄÈ:üĊÊª_Ĉ
ňª_~wª:ĥ/9!ō¾Ŝ'ª&5ĥ;1) [H>V@H?^'ōüÈ
&ÊçŎ'ÇÈ:»}#&Êş·@H?^'ōüÈ&36ß
%“ō LewisŜ”'ª'ıÈ:ė2) 4&Ĉň~¨ŃŁ#Êª'ĸ&35
@\TZ^<L?^'«®È_śnı_rÝ:Ä¼śnÈ<L?^Ě#!'òı
:űŘß%~¨'ļ&ÊèĔĜ:Ŕ!ä¾'~¨Ŝ'ļ¥r
'åò_ş·@H?^'ōüÈ*'ß%¶Ţ:ė#"3) äÁ&74<
L?^Ě'ŃŁ_Ê_üĊ: ď#!ōøŨ¨Ě'ª&Ó/ŅĤ%ŀé:Ĺ
èĔĜ:§ò&4%6ō¾Ŝ (Brønsted ŜLewis Ŝ) 'ª'Ř¶æÀ76  
	ĮÞĆ
1) [a] Kanazawa, J.; Takita, R.; Jankowiak, A.; Fujii, S.; Kagechika, H.; Hashizume, D.; Shudo, 
K.; Kaszyński, P.; Uchiyama, M. Angew. Chem. Int. Ed. 2013, 52, 8017. [b] Otsuka, M.; Takita, R.; Kanazawa, 
J.; Miyamoto, K.; Muranaka, A.; Uchiyama, M. J. Am. Chem. Soc. 2015, 137, 15082. [c] Kitazawa, Y.; Otsuka, 
M.; Kanazawa, J.; Takita, R.; Uchiyama, M. Synlett 2015, 26, 2403. 2) Olah, G. A. J. Org. Chem. 2005, 70, 
2413. 3) Michl, J. et al. Chem. Rev. 2013, 113, PR179. 4) Reed, C. A. et al. Angew. Chem. Int. Ed. 2014, 53, 
1131. 5) Reed, C. A. et al. J. Am. Chem. Soc. 2006, 128, 8500. 6) Reed, C. A. et al. Angew. Chem. Int. Ed. 2004, 
43, 5352. 7) npě5'Ũĵ'¢&Âśnı¢6#ē47!6: Strauss, S. H. et 
al. Chem. Rev. 1993, 93, 927. 8) Book: Olah, G. A.; Klumpp, D. A. Superelectrophiles and their chemistry; 
Wiley-Interscience: Hoboken, N J 2008. 
Scheme 2 >:@<H64+X ' 
HCs
1) n-BuLi (0.95 eq), THF, 0°C, 1 h
2) CuI (0.5 eq), rt, 30 min
2Cs
2
3) Pd(OAc)2 (5.6 mol%)
4) TCQ (3.0 eq) 4
6
(6)
73%
80%
(7)
X-Ray Structure of 4
AcOH, 78°C, 17 h
Br2 (excess)
2Cs
2
2Cs
2
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
Br
1
4
